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mOCBSSPORPRODUaNGORGAMCALLYMODIHEDAMOGEL 

described in EP-A-0 171 722. fyl^^ ^ ^ ^ 

Aerogels in the broader sencp ; *t. 

sense when the B,.d of fte J 'Zl rto l " " " 

-«a«in.„i^p^^,i„:rs~rr~r 

removed under snbcritical conditions for exll t- V "^"^^ 
-ltinggeli.in„anyc.e.a,soc^l:rS 

<.=..i^rsro;:;:;:s'ir2e"'^^^^^^^^^ 

fiv,! wim air as dispersion agent." 

In addition, aerogels can basicaUv hp • / • 

'"°'.-icae.gclsbavebeen,l™l::^3T;^^^^^^ 
Smoettattimeaerogelshavebeenmadefe^Tr .1 
Si03.AI.03,TiO.,ZrO,.S„O..L,rSo ITo 

-P-ncedai...Oesser,P.C^:^rrr-^^ 

3221). ™ ^■'""''"'"^'''"^(R-W.Pekala.J.Mater.Sci.1989,24, 

^^^"'"Sels can be made in different ways. 

tetraeaylTZatoLr^trras^^te^^ 

wHlemain«ningi.s^ctin..Pro«::l:rds"^ ' 
for example, fitm EP-A-O 396 075. WO 92/03378 a^dlfo ^ToL^' '"'^''"'"^ '"°™- 

by ^id hydralysis of tetaalkoxysilanes in atTi, * ^ '^P^^uced 
-i^angeof^^esolventforasTb^rrga^r^^^^^^^^ 

%lationagen.inanadditionalstenr '^'"^«=''"°"^«=<l*i«ha 

"r.»icsoiv..in.swaris-::ri!::fs:r;::f r^"^ 

es under 0.4 g/cm and porosities over 60% can 


wo P^^SHP^ P^°^"'=ti°° "method based on this drying technique is described in detail in 

Moreover, the above described gels can be mixed with tetraalkoxysilane in an alcohol- 

However, the tetraalkoxysilanes that are used in the above described methods as starting 
matenal are an extraordinarily high cost factor. A considerable reduction of costs can be 
achieved by usmg water glass as starting material for the production of the SiO^ gels For this 
sihcic acid can be made, for example, from an aqueous water glass solution with the aid of an ion 
exchange resin and then polycondensed to an SiO^ gel through the addition of a base After 
exchange of die aqueous medium for a suitable organic solvent the resulting gel is then reacted 
with a chlonne-containing silylation agent in an additional step. The resulting SiO^ gel which 
has been modified on the surface with, for example, methylsilyl groups, can then be dried in air 
Db1^3 42 sTs niethod based on this technique is disclosed iii 

Moreover, the use of chlorine-free silylation agents in the production of subcritically 
dned aerogels is described in DE-C-1 9502453. 

1° addition, an organofimctionahzation by means of appropriate silylatira 
production of subcritically dried aerogels is described in DE-A-19534198 

Moreover, DE-A-19541279 describes thepreparation of hydrophobic subcritically dried 
aerogels. In tMs case the costly silylation agents, wMch confer pem^^^^ 

future aerogel, are intentionaUy omitted in the production process and instead an aen^gd 
oxygen-bound hydrophobic surface groups is prepared using less expensive alcohols. However 

the descnbed aerogel is only hydrophobic for a brief time because of this 

^E-A.19541715andDE-A-1954l992describeanimprovedmethodinwhichasilicasol 

with apH value <4.0 is prepared from an aqueous water glass solution with the aid of an acid 
and then, m a second step, polycondensed to an SiO, gel through the addition of a base. Tkc acid 

that IS used fomis a sparingly soluble salt with the cations of the water glass, which is 

m an additional process step. The aerogel is obtained by a subsequent surface modification and 

subcntcal drying. 

^ With aU of tlie methods for ^.ibcritical drying of SiO^gels based on water glass that are 

Imown from the prior ait, the required SiO, gel is prepared in two steps. In a first step a^ 

sihca sol IS prepared from water glass either with the aid of an acid ion exchange resin or an acid 

IntbscaseapH<4.0isestablishedtoensurethatthesilicasolisstabIeforashorttimeIn 
second step the siUca sol is then mixed with a base for formation of an SiOa gel 


These mo step methods have the disadvantage that ihev ■ . ■ 

. hand a.d are dimcul, to control on the ofl,er. J « oLX " °" 

^'^'^^^^^''^^'^^t^PC^) is washed with an organic solvent until tT,. / 
thegelis<5wt%, "'^'^'^^o™! until the water content of 

c) the gel obtained in step (b) is surface-silylated, and 

wMehi::;i~rrth:rr 

the acid wifl, rapid miZ^mTtTo ^ « " ^"^^ ^"^"^ '° 

-agehaaapHLrrortT: : 
sihca wifl, si^nuaneo-. p„,,condi'::r 

i.ven.ion;rLl:ft:.ll^^^^^^ • 
fonnation of a silica sol L , T " ' " °" '"^P "^"S^ 

to accordance . ^^1^^! H er, the aerogels p^duced 

_ ^^"' "'"'vention are chiefly permanently hydrophobic 

waterg^:iii:::crtT''°"^^ 

solutionisprefe: Ila otoT:^^lT.T°^'°"^."'^^ 

^.ewaterglasssolutioncanllXn^Xr^'^r^'^''^ 
zirconinm. altnnin™. tin. ^h», ,L lltn^I^l^^^^^^^^ 

preferably zirco-num. alummum and/ortitanium conTordr * """^ 
Generally I to 15 wt% acids, preferably 1 to 10 wto/ ..-^ 

Pre^dacid.a^s..«.c,phospho;hydro^«l^^^^^^ 
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Besides the actual mixing of the water glass solution and the acid it is, moreover, also 
possible initially to add a part of the acid to the water glass solution, until a pH of >8 is obtained, 
and in an additional step to established the above pH value of the sol and/or initially to add a part 
of the water glass solution to the acid until the pH is <4 and in an additional step to establish the 
final pH value. In this way it is possible to vaiy the ratio of the flows of water glass solution/acid 
over a very broad range. 

After mixing the two solutions preferably a 5 to 12 wt% SiOz gel should be obtained. A 6 
to 9 wt% Si02 gel is particularly preferred. 

In order to ensure mixing of the water glass solution and salt that is as thorough as 
possible before the SiOj gel is formed, the two solutions should have a temperature between 0 
and 30°C, especially preferably between 5 and 25»C and m particular between 10 and 20°C, 

preferably separately fi-om each other. If an acid that forms sparingly soluble salts with the ' 
sodium and/or potassium ions of the water glass is used, the temperature should not be reduced 
so strongly that these salts of precipitate in crystalline form. This could result in defects 
occurring in the Si02 structure that forms. 

The rapid mixing of the two solutions tates place in devices known to the speciaHst, such 

as stirred vessels, mixing nozzles and static mixers. Semicontinuous or continuous method^ ^ 
example mixing nozzles, are preferred. 

Optionally a shaping step, for example by spray forming, extrusion or droplet formation, 
can take place simultaneously in step (a). 

Before step (b) the gel can preferably be aged, namely in general at 20 to 100°C, 
preferably at 40 to 100°C, in particular at 80 to lOO^C, and at a pH of 2.5 to 1 1, preferably 4 to 8. 
The time needed for this is in general 1 sec to 12 h, preferably 1 sec to 5 h, and especially 
preferably 1 sec to 2 h. 

Before step (b) the gel is preferably washed with water, especially preferably until the 
wash water that is used is free of electrolytes. If aging of the gel is carried out, the washing can 
m thrs case be conducted before and/or after the aging, where the gel in this case is preferably 
washed after the aging. 

Mixtures of water and a solvent from step (b) can also be used for washing. The water 

content shodd, however, preferably be high enough that the salts do not crystallize out in the 
pores of hydrogel. 

In order to remove the sodium and/or potassium ions as much as possible, the hydrogel 
can also be washed with a mineral acid before, during and/or after the washing with water. 
Preferred mineral acids in this case are the mineral acids indicated in step (a) as preferred. 


co„,a„,^7 *° ""^ « ^""^ » °'8->i= -'vent mtil the water 

aoe one or THF, »d then th. solvent can be washed om with a hydrocazbon. PentLe or n 
heptane are preferably med as hydrocarbons i-ontaneorn- 

.s«p 

used. The react, on ,s earned out in general at 20 to 1 00»C, preferably 20 to yO'cLfllV 
solve^^y^esuylationcanbeacceleratedbya;^^^ 

^^^^"'PWaesilyla.edgetisp^ferablywashedwiaaaproticoraproticsoi™ 
*e „d stlyladon agent is largely ..oved (residual content i w.%, e :^i~ 

^.en,en..oned»st=p(b).Sin.,arly.theso,vent,indicateda.eteasprefL^ 

preferablyattemperatnresof-30to200°C,especiaUypreferabIyOtolOO°Canrt»t 
prefer^ly W 0.001 to 20 bar, especially preferably 0 01 to 5 b^^ p^^^^ 

P^y^Td^Illr^""'""'^^'^"!^''"-^"™-^^ 

In another embodiment the gel can, in each case according to use be subiected to an 
add,t,onal strengthening of its netwotk beforethe silylation in stLc/'^^i!;^ 

the resulting gel with a solution of an orthosiUcate of thtZ^R^^^S^^^^^^^ 
oondensation,pref^,y3nal^,3nd/„rary,or.hos.-hc:e^l\l^^^^^^^ 

^dependent of one another are hydrogen atoms, linear or branchedC, cl^,TZ ? ' 
phenyl residue, crwith an aqueous silicic acid lolution ""^^^ ^'"^ '""^'^I - 

anysnb^;it:!:t!rr:^"''"'^'°^*'°'^^^^^^^ 

grading. '^"'^''"'^^"^ 


orsado fiber, such a. poiye. JfibJ^,"' T" ' ""^ '""^ " ^ers. 
"^Ple. poly«ter fibers that are metalfaed witH T . , ""^ ">'^ 

insuMon materials. in pattioiar as heat 

The method in accordance with ti,« ; ^- . 

ofe.b„di.e„.^3^,,^^j;;;^;-™ , 

1 :3.3) cooled ,0 ,0-C. I„ doing so a pH of^ f m ™* ^ '^'^O^SiOa ratio of 

^«onds is aged for . h a. Ss4. TTrenf^wa^ -ydroge, that fom. after , fe. 

exchanged for acetone with 3 1 acetone ™ 
ttmethylcUorosilane (10 wt% .rimethylc^r„l^^^^^ 

'a.«p..e.air(3hat40.C,then.h':^rr:.Ta~^^^ 

Tie resulting gel has a density of 0 12 gfen' a ,7 , 
spec.ficBETsmfaceof771mV»»„H- '^™*''=™'''"=''vityofl7mW/inK.a 
'0.7w.%Cand3.: wt%H ''"''■^P™«^>-3'*ophobic. OKK analysis givef" 

Examp lft 7 

2500 gof80% snlaric acid cooled to I OTi ■ . . 
sodinm water glass solution (containing 13 wt% Sin « "^'^^SJ wt% 

IO°C. in doingso apHof 6.3 is es^S.^^ ''^ Na.O:SiO. ,.tio of 1:3.3) cooled to 

™a 3 1 acetone, llaen the acetoneront^^™*^ 
(5M%trimeay,chlorosiIanepergramo7w«^r-^ /'^^^^ 

«X,then2hat50-Candl2hat~ *^-'*''^«°^*=S='«^«P'>eeinairC3ha, 


The resulting gel has a density of 0 154 c/cm' »th.™.i j ■ ' 
specific BET surface of 630 mV. Ji! , «""J''='>v>ty of 21 mW/mK, a 

7.7 w,% C and 1.9 H ' ' ^^^^ 

,^''^™^""'i»<^"'ywasm=asuxedbythe hotwire me,hod(s=e forexample 
0. Nrelsson. G. Ruschenpohler. J. Gross, J. Fricke, High Temperatures HiLrP 
Vol. 21. 267-274 (1989)). »° '^P^ratures- High Pressures, 

Claims 

1. A method for produiing organically modified aerogels, in which 
one or« ^ " """^"^ *™ ^ '""^"^ ^lass solution with the aid of at least 

c) the gel obtained in step (b) is surface-sUylated, and 

wMchisiL^^^iirt^rrr'^,'"^^ 
.ospho.:::::::--:^^^^^^^^^ , 

ano«,er,heLth^;J^r3or "'^"'^^^ 

-..e^eford:::;:^--™^^^^^^^^^^ 

ofl sec to 12 h before step (b) . '^"^'^^^^ Cat a pH of 2.5 to 11 for a period 

organic solvents in step (b). '^^^'^ ^oi^atic hydrocarbons are used as 


R\ mdependent of one Mother are )» » = 1 to 3, where R' and 

Phenyusnaedassilylarar^::!;;;"^"'*''"™'"^^^ 

«.a..e'.n:^S:;^':::rj^ 

^«.e.,,a.ed«ep...edlrp":2Tj;?,:^^^^ 

Step (d). 01 to 200 C and pressures of 0.001 to 20 bar in 

.a..eii,:rr:j:::^rri:2rn^^^^^^^ 

orthosflicate o£fl,e STOR^ ft f ' 

RUd R^ independent of ^''^•''"^-"^^^^^ 

«or,^.r.dnea,::ra::~^^ 

M.Amefl,odaainatleJ,on!o^;r . ''''*'^'''^=^'''»"<^°'*-^ 
fl*meresn,,ingge,issi.eI^:LX,t~ 

reduced after step (a) and/or any subsequent process step. 


